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METHODS FOR THE PR EPARATION OF NANQS I ZED. J 4ATER I AL PARTICLES 

The pfresent invention relates to the methods for the 
preparation of nanosized material particles. ("Nano-materials" in 
connection with the present invention comprise transition metals 
and alloys; metal oxides; and ceramic compositions having a small 
nanosize, i.e. about 1-6 nm.) Nanomaterials are prepared from 
the corresponding precursors i.e. the corresponding metal salts 
or alkoxides by suitable chemical reactions, e.g. reduction, 
hydrolysis and exchange processes under mild conditions. 

There are known methods to prepare clusters or fine colloids 
from said nanomaterials which are dispersed in different suitable 
solutions. Appropriate liquid media enable the production of 
different preparations, which may be used as thin films on 
various supports. 

There are known several methods for the preparation of 
ultrathin films of metal particles on solid supports, e.g. ion 
implantation (M.Che. CO. Bennet, Adv. Catal . 1989, 36, 55); 
organometallic chemical vapor deposition (A. Sherman, Chemical 
Vapor Deposition for Microelectronics, Principles, Technology and 
Application, Noyes Publications; Park Ridge, N.J. 1987; and 
N.H. Dryden et . al . , Chem. Mater. 1991, 3, 677); metal deposition 
from colloidal solution (G.Schmid, Chem. Rev. 1992, 92, 1709); 
reductive metal deposition from aqueous salt solution (I.Coultha- 
rd, et . al . , Langmuir 1993, 9, 3441.); photodecomposition of 
metal complexes in thin films (R.Krasnasky et . al . Langmuir, 

1991, 7, 2881); and photo-reductive deposition from Pd(II) 
complexes in solution (K. Kondo et . al . , Chem. Lett. 1992, 999) 
Other technics are based on the film formation of noble metal 
loaded block copolymers (Y . NgCheongChan et . al . , Chem. Mater. 

1992, 4, 24; andJ . P . Spat z , et al., Adv. Mater. 1995, 7, 731.); on 
the Langmuir- B lodge t (LB) transfer of monolayers or surfactant 
stabilized metal colloids (F.S. Mel drum et . al . , Langmuir 1994, 
10, 2 035; and 

F.S. Meldrum et al . , Chem. Mater. 1995, 7, 1112); and on thermal 
decomposition of LB films of zero valent palladium complexes (E. 
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Maasen et . al . , Langmuir 1996, 12, 5601). 

At present the microelectronic and some related industries, 
mainly continue to use the vapor deposition method. The lf Wet M 
method, which is a method of film deposition from solutions, 
provides a good challenge for the industry since it does not 
require high temperatures and pressures or high vacuum and 
enables to vary the properties of the nano compositions to a 
large extent 

During the last decade, the number of scientific works 
devoted to the synthesis of nanomaterials in solutions has 
significantly increased. Certain practical results were reported. 
Thus, for example G , Schmid (see above) demonstrated that the 
pellets which consist of ligand stabilized golden clusters 
(derived from a liquid) may be regarded as tunneling resonance 
resistors and, additionally, as cellular automates. The density 
of electronic switches, compared with common semiconductors in- 
creased in another example to a factor of 10 5 -10 6 . Another paper 
(T. Yamamoto, in Macromolecular Complexes, Ed. by Eishun 
Tsuchida, VCH, 1993, 380-395.) informed about the preparation of 
electrically conducting polymer compositions by using organosols 
of metal sulfides. The polymer- composite films not only show good 
electrical conductivity but were also controlled to p- or n-type 
conductors . 

The realization of quantum dots, of uniform size and 
structure opens the door to multiple switches. This enables the 
manufacture of new generations of computers with extremely high 
capacities. The manufacture of novel mini-lasers, based on 
quantisizing particles, will most probably lead to optoelectronic 
switches, operated simultaneously by photons and electrons. 
Nanometal coatings may be effectively used, e.g as film 
catalysts (for instance in the processes of electroless metal 
deposition) ; and as modifiers of mechanical properties of 
different materials . 

However, all said conventional methods are not satisfactory 
in the preparation of coatings comprising nanomaterial particles, 
as they are rather complicated, expensive or do not yield the 
particles having the desired size. 

It has thus been desirable to find a method which would 
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the regulation of the morphology of the particles; 

d. the variation of the chemical composition and 
concentration of nano-precursors (and of the complementary 
reactants) , which enables the control of the particle size 
distributions (PSD) and of the thickness of the protecting 
shells ; 

e. using different polymers which enable the production of 
films having different adhesion properties, by the deep coating 
method; and 

f . the control of the viscosity and of the velocity of the 
solutions which lead to different film thicknesses; 

The optimization of the above-mentioned factors (which 
should operate simultaneously) should lead to the production of 
the coating having the desired properties. 

The present (inyention, thus consists in a method for the 
production of nanomaterial particles ("ais herein defined) in 
which : 

said nanomaterial particles are synthesized in the solutions 
of comp^le^- liquids containing non-freezing water from suitable 
precursors, which precursors are selected from suitable 
surfactants, metal salts and alkoxides by a suitable chemical 
reaction under mild conditions; and 

preparing from said materials fine colloids dispersed in 
various polymer solutions. 

The nanomaterial particles have advantageously a diameter of 
1-5 nm. 

The water in the solution is advantageously non-freezing 
water as determined by low temperature different scanning 
calorimetry 

The suitable chemical reaction may be selected, for example, 
among reduction, hydrolysis and exchange processes. 

Mild conditions in connection with the present invention are 
suitably atmospheric pressure and a temperature range of room 
temperature to 70°C. 

Suitable solutions may be selected among suitable water- 
organic- surf actant solutions; (microemulsions ; liquid crystalline 
media ; etc . ) 

Suitable organic solvents may be, e.g. selected among 
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formate (NaHC0 2 ) (0.22 gr) was poured onto the mixture under 
afgorTT The reaction was carried out in accordance with the 
following formula : 

K.PdCl, + 2NaHC0 2 = Pd + 2NaCl + 2KC1 + 2C0 2 + H 2 

The reaction was carried out at 75°C. In the course of the 
reaction, the orange color gradually changed to a dark brown 
color. The reaction was stopped after 1 hour and the dichloroe- 
thane was evaporated from the reaction mixture. The waxy residue 
obtained^ was washed, in order to remove the inorganic salts, 
with deionized water and dried at 30 torr and 60°C. 

Electron diffraction data revealed a face centered-cubic 
(fee) Pd phase, while Transmission Electron Microscopy (TEM) 
analysis showed round,jpart icles haying, a mean diameter of 1.^8 nm. 

The nanometal prepared was redispersed in 40 ml of dic^Loro- 
ethane containing 30% of a v/v Polyvinyl alcohol (PVA) . The 
viscosity of the solution was 40 cps . 

The surface of a glass plate was thoroughly cleaned with hot 
water, methyl alcohol and diethyl ether. A coating was prepared 
by drawing with the velocity of 8 mm/sec. The bright orange 
transparent film obtained had a magnitude of electrical conduc- 
tivity 10- 8 Q- l cm' 1 . 

Example 2 

1.25 g of a commercially available nonionic surfactant Brij- 
96 (poly- ethoxyethylene- 10- oleyl ether C ia H 35 (OCH 2 CH 2 ) OH (PEO) 
was added to a mixture of 4 ml of hexane and 1.18 g of i-butanol. 
1 ml of a 0,025M solution of FeCl 2 in 0.01 HC1 was then poured on 
the mixture. The mixture was homogenized by Vortex and it then 
looked like a homogenous solution. The sub-zero DSC analysis did 
not reveal any peak which belong to freezing water. After an 
ageing process at 40°C in the course of 48 hr, TEM and small 
angle X-ray scattering (SAXS) there were visualized particles 
having a mean diameter of 3.5 nm and 10% degree of polydispersio- 
n. Photoelectronic Spectroscopy (XPS) analysis indicated FeOOH 
formation. The microemulsion was concentrated by evaporation at 
3 5°C and 60 torr and the wax residue obtained was redispersed in 
10 ml. of Polyethylene glycol (PEO) . The viscosity of the solution 
was 9,3 cps. A coating was prepared by drawing with the velocity 
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of 12 iron/sec. Corning glass plates were soaked in ethanol 
solutions in the course of 24 hr rinsed with distilled water 
under sonication, then immersed in ethanol and dried at 105°C for 
8 hr. A film was formed on the glass plate by spreading of the 
solution. After a film heat treatment at 45°C the film was not 
cracked or destroyed. Scanning electron microscopy (SEM) of the 
coating (removed from the support) did not show any growth of the 
particles . 

Example 3 

0.5 g of commercially available surfactant didodecylammonium 
bromide { DDAB ) containing 6% of water was added to 7 ml of 
toluene, and stirred with shaking to form an inverse micellar 
solution. Thereafter 0.025 g of K 2 PtCl s and 1.2 ml of tetraethylo- 
rthosilicate (TEOS) were added to the solution obtained, which 
was" then stirred until the salt was fully solubilized. Then NaBH 4 
was poured into the salt precursor solution with rapid stirring 
in an argon atmosphere so that the [BHJ : [PT 4 + ] relation was 4:1. 
The solution gradually turned to dark brown. The pH of the 
solution was adjusted to 6.5 by the addition of an organic buffer 
in ethanol. The solution was aged at room temperature during 3 
days previous to film formation by deep coating. According to 
sub-zero DSC data, the system did not contain any freezing water. 
The viscosity of the solution was 7.2 cps . A coating was prepared 
by drawing with the velocity of 12 mm/sec. 

Glass substrates were cleaned in the same manner as 
described in Examples 1 and 2. In order to enhance the adhesion 
of the film to the glass, cleaned and dried glass supports were 
immersed in a 0 . 5% ethanol solution of triaminopropyltriethoxysi - 
lane, rinsed with dichloromethane and ethanol and baked in an 
oven at 120 °C for 2 hr . SAXS, TEM, XPS and SEM analyses were 
indicative of nanosize (3-5 nmJ^.Pt (partially oxidized on the 
surface) particles embedded in the silica matrix. Low tempera- 
ture nitrogen adsorption of the separated film dried at 100°C in 
the course of 3 hr showed 37% film porosity having a mean pore 
diameter of 35A° . Thermo treatment of the film at 450°C for 1 hr 
did not change the pore characteristics of the film. Such 
prepared substrates were suitable in electroless Ni plating, A 
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typical plating solution contained 0.105 mol of L' 1 NiSO 4 7H 2 0 and 
: 0 . 19 5mol of L* 1 H 2 P0 2 . 



